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2.13 Climate Change Vulnerability Studies: 
GROUNDFISH, CPS AND HMS CLIMATE VULNERABILITY STUDIES 

Q1, Q2, Q4, Q5, Q7, Q8 Cheung et al. (2009) 



•  NOAA Climate Vulnerability Assessments 
•  National effort to assess vulnerability of NMFS-managed fish stocks in each Region 
 

•  Climate Change Impacts on CPS Fish and Fisheries in the 
California Current 
•  Assess potential range shifts and impacts on coastal communities 
 

•  Climate Projections of HMS Habitat Changes in the North Pacific 
•  Use tracking + remote sensing + climate models to assess habitat change 
•  Projected changes in North Pacific top predator biodiversity 
 

•  Science & Management Advances 
•  Next steps 
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CLIMATE VULNERABILITY STUDIES 
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CLIMATE VULNERABILITY ASSESSMENTS: THE NATIONAL PROCESS 
Goal:  
Produce a practical and efficient tool for assessing the vulnerability of a wide range 
of fish stocks to a changing climate. 

Objectives: 
1.  Provide relative vulnerability rankings across species (triage)  
2.  Identify key attributes/factors driving vulnerability 
3.  Identify key data gaps or information needs 
4.  Advance the conversation about research needs and management options at 

Regional/Council level 
5.  Develop partnership with NOAA OAR to synthesize climate projections needed 

for analysis 
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CLIMATE VULNERABILITY ASSESSMENTS: THE NATIONAL PROCESS 
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WEST COAST FISHERIES CLIMATE VULNERABILITY ASSESSMENT 

Sensitivity  
Attributes: 

62 Species [Groundfish, CPS, HMS, Salmon] 
•  Habitat Specificity 
•  Prey Specificity 
•  Adult Mobility 
•  Dispersal of Early Life Stages 
•  Early Lige History Survivial 
•  Complexity in Reproductive Strategy 
•  Spawning Cycle 
•  Sensitivity to Temperature 
•  Sensitivity to Ocean Acidification 
•  Population Growth Rate 
•  Stock Size/Status 
•  Other Stressors 
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WEST COAST FISHERIES CLIMATE VULNERABILITY ASSESSMENT 

Climate 
Exposure  
Factors: 

62 Species [Groundfish, CPS, HMS, Salmon] 

•  Air Temperature 
•  Sea Surface Temperature 
•  Salinity 
•  Ocean Acidification 
•  Winds (alongshore wind stress) 
•  Precipitation 
•  Sea Level Rise 
•  Subsurface Oxygen 
•  Upwelling Phenology 
•  ΔMean, Δvariance for all variables 

NOAA Climate Change Web Portal (NOAA-OAR-ESRL) 
http://www.esrl.noaa.gov/psd/ipcc/ 
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WEST COAST FISHERIES CLIMATE VULNERABILITY ASSESSMENT 
•  Experts identified and undergoing scoring process 

•  NOAA (NWFSC, SWFSC) and Academic (UC-Davis, UC-Santa Cruz, 
Oregon State, U. South Carolina) 

•  Experts in fisheries biology, oceanography, climate 
 

•  “WEST COAST CLIMATE VULNERABILITY ASSESSMENT FOR MARINE 
AND ANADROMOUS FISH” Workshop 
•  April 26-28th in Monterey, CA 
 

•  Final assessment to be completed by September 2016 
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COASTAL PELAGIC SPECIES CLIMATE VULNERABILITY IN THE CCLME 

82 l itt le f ish BIG IMPACT

Even under the more cautionary hockey stick rule, some forage fish populations 
collapsed when maximum fishing was 100 percent FMSY, exemplifying that no strategy 
can prevent extinction when high levels of fishing are permitted. 
California sea lions feeding on Pacific sardines, © Brandon Cole.
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COASTAL PELAGIC SPECIES CLIMATE VULNERABILITY IN THE CCLME 
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COASTAL PELAGIC SPECIES CLIMATE VULNERABILITY IN THE CCLME 
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newly suitable locales (44). Each of these adapt-
ive mechanisms has constraints, which may limit
the capacity of species and populations to keep
pace with high rates and magnitudes of climate
change (35). These processes are, however, the
subject of an extensive ecological and evolution-
ary literature, which has so far been underex-
ploited for determining adaptive capacity.

Given the number and diversity of species
potentially under threat, the synthesis and ap-
plication of existing evidence on adaptation will
provide necessary—but not sufficient—information
on adaptive mechanisms and capacities. The en-
vironmental controls and absolute limits of pheno-
typic plasticity, and the environmental dependence
of optimum phenotypes (45), must be determined
empirically for a range of species to predict in situ
ecological and evolutionary responses to envi-
ronmental change (34, 35). Empirical and theo-
retical studies of relevant ecological processes
(propagule dispersal, establishment, population
growth, fecundity, mortality, metapopulation dy-
namics) provide a basis for assessing response
times for local, regional, and continental adjust-
ments in distribution and abundance (46). This
task can be simplified by using existing data
and targeted studies of a range of representative
taxa with diverse life history patterns and func-
tional traits.

Biodiversity consequences of past climate
changes. Increasingly, geohistorical records and
paleoecological studies are being integrated with
independent paleoclimate records to reveal ef-
fects of past climate changes (47, 48), which, in
some periods and regions, were as large and rapid
as those projected for the future (49, 50). Al-
though possible future climates will be unlike
those of the past, paleoecological records offer
vital information about how species responded to
different rates and degrees of change, with nu-
merous case studies in terrestrial, freshwater, and
marine ecosystems. The diverse outcomes for
different taxa and life history types emphasize the
range of past responses that are likely to be
reflected in the present and future (Fig. 2).

Paleoecological observations can be further
integrated with modern genetic and ancient DNA
studies to assess the genetic consequences of
these dynamics (47, 51–53). By determining past
climate-driven losses in genetic and species di-
versity at local to regional scales, and by iden-
tifying the circumstances under which species
have escaped extinction and populations have
resisted extirpation, these studies can contribute
to assessments of adaptive capacity and vulner-
ability (Fig. 2).

All species or species groups living on
Earth today have persisted through a glacial-
to-interglacial transition 20,000 to 12,000 years
ago that included rapid, high-magnitude climate
changes at all latitudes and in both terrestrial
and marine environments. This transition fol-
lowed immediately upon a series of abrupt, high-
magnitude glacial-age climate changes with
near-global impact (50). The last glacial-interglacial

cycle is only the most recent of at least 20 such
cycles during the past 2 million years. Ecolog-
ical and biogeographic responses to these cli-
matic changes are particularly well documented
for the past 10,000 to 20,000 years for many
regions; such responses included repeated re-
organization of terrestrial communities, changes
in both the location and overall size of geo-
graphic ranges, and often rapid increases and
decreases in sizes of local and regional popu-
lations (12, 49, 54–56).

The fact that the biodiversity on Earth today
passed through these events indicates natural re-
silience and adaptive responses. Plant and animal
species have shown capacity for persistence in small
populations and microhabitats (52, 55, 57, 58),

long-distance migration and dispersal (59, 60),
shifts along habitat gradients andmosaics (49, 61),
and rapid expansion under favorable conditions
(21). Many species have also undergone rapid
range contraction and widespread population de-
cline (16, 49, 62). Low genetic diversity indicates
that many species have passed through recent
genetic bottlenecks (63, 64). But few docu-
mented species extinctions can be ascribed solely
to climatic change (65–67). Megafaunal extinc-
tions occurred in North America at a time of rapid
climate change during the last deglaciation, but
human exploitation is also a possible cause (66).
Extinction of only one plant species (Picea
critchfieldii) has been documented during the last
deglaciation (65).
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Fig. 3. The vulnerability of a species or ecosystem is based on its exposure to climate change, its sensitivity,
and its inherent capacity to adapt to change. The relative balance of these different components of
vulnerability would lead to different management interventions. The x axis represents the degree of
exposure to climate change faced by species and communities (exogenous factors). This axis is largely
determined by the species’ or population’s geographical location, the rate and magnitude of climate
change anticipated for that region, and the size, cohesiveness, and connectivity of the species’ habitat
within and beyond that region. The other twomeasures from the vulnerability framework, adaptive capacity
and sensitivity (see Box 1), are plotted together on the y axis. This axis is primarily determined by biological
characteristics of species that influence their mobility, specificity, and sensitivity (endogenous factors).
These include, for example, physiological constraints, phenotypic plasticity, evolutionary potential, dispersal
and growth capacity, and biotic interactions critical to persistence. The relative position of species and
ecosystems along the axes can inform decisions on appropriate research, monitoring, and management
strategies. Decisions are also likely to be affected by costs and assessments of benefits (e.g., an ecosystems
service value or lower cost might shift strategies implemented toward the top right). Circled text denotes
generic conservation responses. Specific conservation responses that will be appropriate under the different
circumstances are discussed in the text. Species in the upper left corner have high sensitivity to climate
change but are expected to face relatively minor challenges. Such species are not a priority for intervention
unless there is a change in climate-change pressures or landscape permeability. Their potential vulnerability
means that they need to be monitored to ensure that they are thriving and remain unthreatened, with
contingency plans that can be deployed in a timely manner in case of change. Species with high exposure
but low sensitivity and high adaptive capacity (lower right corner) can presumably cope with change, and
therefore need only low-intensity intervention as change becomes more extreme. Species in the upper right
corner will have relatively high levels of both exposure and sensitivity; with decreasing adaptability, more
intensive and specific management will be required.
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COASTAL PELAGIC SPECIES CLIMATE VULNERABILITY IN THE CCLME 
Define present day 
species distributions 
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Sources: Esri, GEBCO, NOAA, National Geographic, DeLorme, NAVTEQ, Geonames.org, and other
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COASTAL PELAGIC SPECIES CLIMATE VULNERABILITY IN THE CCLME 
Define present day 
species distributions 
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COASTAL PELAGIC SPECIES CLIMATE VULNERABILITY IN THE CCLME 
Define present day 
species distributions 

Predict future climatic 
conditions 

Establish current 
climatic conditions 
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COASTAL PELAGIC SPECIES CLIMATE VULNERABILITY IN THE CCLME 
Define present day 
species distributions 

Predict future climatic 
conditions 

Establish current 
climatic conditions 
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COASTAL PELAGIC SPECIES CLIMATE VULNERABILITY IN THE CCLME 
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COASTAL PELAGIC SPECIES CLIMATE VULNERABILITY IN THE CCLME 

Samhouri, Jacox, Hazen, Bograd (in prep) 

Low Risk 

High Risk 
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COASTAL PELAGIC SPECIES CLIMATE VULNERABILITY IN THE CCLME 

Samhouri, Jacox, Hazen, Bograd (in prep) 

Is a vulnerable fish a vulnerable fishery? 

Low Risk 

High Risk 
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COASTAL PELAGIC SPECIES CLIMATE VULNERABILITY IN THE CCLME 
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HIGHLY MIGRATORY SPECIES CLIMATE VULNERABILITY IN THE NORTH PACIFIC 
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HIGHLY MIGRATORY SPECIES CLIMATE VULNERABILITY IN THE NORTH PACIFIC 

Block et al. (2011) 

•  23 species 

•  4,300 tags 

•  300,000 
tracking days 

•  >1M profiles 

TAGGING OF 
PACIFIC 
PREDATORS 
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HIGHLY MIGRATORY SPECIES CLIMATE VULNERABILITY IN THE NORTH PACIFIC 

Current 
Species 
Richness 

Change in 
21st Century 
(GFDL ESM) 

Hazen et al. (2013) 
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HIGHLY MIGRATORY SPECIES CLIMATE VULNERABILITY IN THE NORTH PACIFIC 
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CLIMATE VULNERABILITY ASSESSMENTS 
Science 
•  Identify stocks that can benefit from incorporating environmental parameters into 

stock assessments 
•  Identify gaps in information for use in shaping research priorities  
•  Identify stocks that could benefit from increased monitoring to better quantify when 

expected climate impacts occur 
 

Management 
•  Provide information for use in EIS’s, BiOps and other decision making documents 
•  Identify potential management actions that might reduce vulnerability and increase 

stock resilience in a changing climate 
•  Results can be combined with social and economic data to build vulnerability 

assessments for fishing communities 



Climate Vulnerability Studies: Strengths, Challenges and Strategies 

•  Strengths 
•  Strong collaborations within NOAA (OAR-ESRL, GFDL), academic & 

international partners 
•  Unified national process to compare amongst regions 
•  CCLME rich in historical environmental & biological time series 
 

•  Challenges 
•  Need additional resources & mechanisms for cross-Line-Office integration 
•  Need regional and shorter-term climate projections 
 

•  Strategies 
•  Continued broad & productive collaborations 
•  Strengthen in-house climate & regional ocean & ecological modeling capacity 
•  Develop mechanistic-based climate vulnerability studies 

 U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 25 



Climate Vulnerability Studies: Strengths, Challenges and Strategies 

•  Strengths 
•  Strong collaborations within NOAA (OAR-ESRL, GFDL), academic & 

international partners 
•  Unified national process to compare amongst regions 
•  CCLME rich in historical environmental & biological time series 
 

•  Challenges 
•  Need additional resources & mechanisms for cross-Line-Office integration 
•  Need regional and shorter-term climate projections 
 

•  Strategies 
•  Continued broad & productive collaborations 
•  Strengthen in-house climate & regional ocean & ecological modeling capacity 
•  Develop mechanistic-based climate vulnerability studies 

 U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 26 



Climate Vulnerability Studies: Strengths, Challenges and Strategies 

•  Strengths 
•  Strong collaborations within NOAA (OAR-ESRL, GFDL), academic & 

international partners 
•  Unified national process to compare amongst regions 
•  CCLME rich in historical environmental & biological time series 
 

•  Challenges 
•  Need additional resources & mechanisms for cross-Line-Office integration 
•  Need regional and shorter-term climate projections 
 

•  Strategies 
•  Continued broad & productive collaborations 
•  Strengthen in-house climate & regional ocean & ecological modeling capacity 
•  Develop mechanistic-based climate vulnerability studies 

 U.S. Department of Commerce | National Oceanic and Atmospheric Administration | NOAA Fisheries | Page 27 



Questions? 
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